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Ultraviolet radlatlon-cuFabie coatings for optical fibres and optical fibres coated therewith 



(57) Ultraviolet radiation-curat)le secondary coating 
compositions for optical fbers are cfisdosed. The sec- 
ondary coatings comprise a polyester and/Qr pdyetiier- 
based alqphatic urethane reactivety terminated oli- 
gomer: a hydrocarfoonaceous viscosity-ac^usting com- 
ponent capable of reacting witti the reactive terminus of 
(0: and an optical photoinitiator. Also dedosed are opti- 
cal f3}efs coated with the secondary coating alone or 

witti a primary coating and the secondary coating of ttie 
Invention. 
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The present inventfon relates to racfiation^^^ 
ing such coatings. 

Until recently, the optical fiber indu^ was concentrated on socaDed long hauT appfications, wher«n optical fib- 
ers were used to traverse long distances sixii as in transoceanic or tr^^ 

cal fbers required shiekfing with volmranous protective cabling material in sheltered subterranean or submarine 
environments and thus were not directly exposed to environmental hazaids. 

A recent trend in the optical f ber mari<et is in local area networks for f ber-to-th^home uses. The ftoers in such 
uses are directly exposed to much harsher conditions than prevfous applicati^ 

perature and humidity extremes. Consequentiy, previously used coatings did not perfomi well under such adveree con- 
(fitions; hence, a need existed for the development of higher perfomnance coatings. Such coatings needed to be able to 
wrthstandttie above contfitions, i a. to possess thennal. oxidative and hydrolyticstabiBty, and to protect the ^ 
the long term. over twenty-five years' tima 

Optical fbers used for light transmission can be prepared which, immecfiately after drawing, are exceptionally 
strong and have very few intrinsic defects. However, such pristine fbers are very easOy flawed by. exposure to environ- 
mental conditions including dust and moistura Even a small flaw can reduce the s^ 

nitude. rendering it brittie and easily broken by a weak extemal forces. Therefore, optical glass fbers have, in ttie prior 
art been dad with at least one resin coat immediately after their preparation, wh^ 
the underiying pristine ffber from such extemal forces^ 

Typicafly, at least two coating a primary, or buffer, coating and a secondary coating, have been used. The inner, 
or primary, coating is applied directiy to the glass fiber and. when cured, fomis a soft, rubbery, oonpliant material wrhich 
serves as a buffer to cushion and protect the fber by relieving the stresses created wh^ 
spooled. Such stress might othenvise induce microbending of the fibers and cause attenuation of the fight tiaveOng 
through them, resulting in inefficient signal transmission. The secondary coating is appfied over the primary coating, 
and must function as a hand, tough protective outer l^er preventing damage to the glass fiber during processing and 
use. 



PRIMARY COATING 



Certain characteristics are desvaUe lor the primary coating, and ottiers for the secondary coating. For exanpie 
the pnmary coating must maintain adequate adhesion to ttie gl^ fiber during thermal and hydrolytic aging, yet be 
strippaWe ttierefrom for splicing purposes. The tensile modulus of ttie primary coating must be tow to cushion and pro- 
tect ttie fber by readfly relieving the stresses on the fber which can induce mtoobendng and consequent inefficient 
signal transnission. This cushioning effect must be maintained through the temperature range in which the fbers may. 
be exposed throughout their lifetime. Thus, it is necessary for the primary coating to have a low glass transition tenper- 
atore CTg). This tow glass transition temperature will ensure that the coating remains in its mbbery slate throughout the 
possible use temperature ranga 

The primary coating should also have a relatively high refractive index, i.a. greater than ttiat of the cladding mate- 
nal of the fber to be coated. This high refractive index allows for a refractive index (Were^^ 
ding and the pnmary coating. This differential alfows errant light signals to be refracted away from the glass cora 

Another requisite quality of ttie primary (buffer) coating is resistance to moistura Moisture wiO rapidly degrade ttie 
strengtti of ttie coating itself as wen as ttie mderiying glass fbers under stress. The reaction is one of hydrolysis and 
stress conosion. Moisture wHI ato adversely affect ttie adhesion of ttie primary (buffer) coating to ttie glass, resulting 
in possible delaminatioa It is ttieretore desirable for ttie coating to be as hydrophobx: as possbia Preferably ttie pri- 
mary coating should have a water absorption vafoe of less ttian 5% by weight and to^^ 

weight ' 



SECONDARyCQATlMG 

Similarty. ttie secondary coating must have a number of essential and optimal quafitiea The secondary coating 
must function as a hard protective layer which allows ttie fber not to be damaged during its processing and use Con- 
sequentiy, ttiis secondary coating should have a relatively high glass transition tenperature (Tg), i.a, about 50»C and 
a high tensile modulus. i.a. about 689 MPa (1 00.000 psi) at 25^C. It is desirable for ttie secondary coating to have a Tg 
higher ttian its highest use temperatura because at or near ttie Tg of a polymer, many physical properties such as mod- 
ulus, tensile strengtti. ttiermal expansion coefficient moisture absorptivity, and so fortti, change dramatically witti small 
changes in tenperatura This results in large changes in ttie fber characterfetics. 

Furttiemwa Oke ttie primary coating, ttie secondary coating should undergo minimal changes in physical proper- 
ties on exposure to moistura Many polymeric coating materials experience signfficant hydrolysis, plastiozation. soften- 
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ing. and loss of protective functkm in the presence of water. Therefore, rt s desiraWe that the second^ coating should 
abo be as hydrophobic as possWa A hydrophobic secondary coa^ 
to keep water away from the glass fiber itself , and thus i^ 



5 Also, the secondary coating rnust have a higjirefracth^ index. La. pre 
nal of the glass fiber, to enable it to ^ out errart light K with the prim^ 
the prinrtary coating ^ omitted. 

Another important property of secondary coating is the cceTictent of friction (CX)F). A low COF faciDtates winding 
and unwindng of the fbers on spools, ft also allows the fi>^ 
10 relieving stress. However, if the COF fe too tow. the f bers wiU have a reduced tendency to stay afigned on the spool. 
The COF is largely determined bf the cure properties of the secondary coating; if the coating has a good hard surface 
cure, its COF wiD tend to be low. V^issOp additives can be added to lower th^ COF; however, deleterious effects 
such as surface tension problems, contamination, volatifization and blooming may result from their usa 

W DESIRABLE FEATURES FOR BOTH COATING^ 
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StiD ottier desirable properties exist which apply to both ttie fmmary and secondary coatings. For example, fiber 
manufacturers are motivated to coat the fibers as rapidly as possWe to attain 

these result m higher Gne speeds. The cure speeds of coating materials may be determined l>y constnicting a UV dose 
versus modulus curve. The lowest UV dose at which the coating modulus exhtoits dose Independence is considered Hs 
cure speed. There is therefore a demand for fester curing coatings: for example, high line speeds are obtained witti pri- 
mary and secondary coatings which may be applied weton-wet and simultaneously ultraviolet light-cured. One way of 
doing ttiis is described in US. Patent 4.474.830. issued October 2. 1984 to Cart a Taylor, which patent Is expressly 
incorporated herein by reference. / 
According to titis patent an optical fiber is passed ttvough a coating applicator conprising first and second dies 
The first die confines a first coating Gquid over a portion of ttie f toeTs lengtti. A second coating Bquid is applied onto tiie 
f toer through a clearance between ttie first and second dies. The clearance is suffidentiy small so ttiat substantially no 
rearculation of ttie second coating liquid occurs in the vicinity of ttie point of application to ttie fiber. The second coating 
liquid IS preferably applied at a free surface; ttiat Is. it is not in contact wi^ 

vicinity of ttie point of application to ttie fber. Additional coatings can be applied in a similar manner. 

Anottier desirable objective for botti primary and secondary UV-curaWe coatings is to minimize ttie amount of 
unbound material in ttie coating after cure. Even when ttie cured coatings are considered 100% solids, ttiere may still 
exist a small amount of material which does not chemically bind into ttie polymer networii on curing. Examples of such 
materials used in ttie coatings include unreacted monomer, unreacted photoinitiator. certain non-functional additives 
-and so.fortti. The presence of excessive amounts of such -materials is undesnaWe. . inasmuch as volatiOzation of such 
components over time may change ttie physical properties of ttie coating. Fbr exanple, vofatile materials from ttie pri- 
mary coating may penneate into ttie secondary coating, tending to plasticize it and resulting in strengtti loss. Also, vol- 
atile matenals may cause production of unpleasant odors. 

Still ottier important qualities of botti optical coatings are viscosity and shelf lifa Good shelf »e is considered 
formulation stability of at least six to twelve monttia Viscosity can typically be somewhat acQusted by regulation of ttie 
temperature at which ttie ojatings are applied. However, it is advantageous to set ^ 

nwintain proper rheology and handling of ttie coating on application, but low enough to fadlrtate bubble release and to 
minimize ttie amount of heat needed in ttie preparation. Excessive heating is uidesirable inasmuch as it may result in 
premature gelling or viscosity increase due to possible ttiermal initiation of polymerization. 

PRIOR ART CQATlwryc^ 



Various single or double fayer fiber coatings exist in ttie prior art Among ttiese are epoxy- or urettiane4>ased res- 
ins. Itowever, many of ttiese resins cure slowly; have poor h^^ 
so bility; and have undesirable yellowing properties. 

There have also been developed primary (buffer) coatings which cure on exposure to ultraviolet racfiation. Such 
prior art primary coatings, however, have convention 
defnendes as above. 

To obviate ttiese flaws, ttie primary-coated optical ifb&s of ttie prior art have been topcoated witfi a tough and flex- 
55 ibie overcoat which possesses superior resistance to moisture abrasion. Prior art coatings have included extruded 
nylon ^acker coatings, which are, however, more expensive and more dfficult to apply ttian woirfd be an uftravtolet- 
cured coating. 

T^wefore, ttie presert invention seete to provide secondary coatings w^ 
oxidative and hydrolytic stability. The secondary coating must function 
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glass transition temperature and h'gh tensOe modu!us; l>e hydrophobic to resist moishire; have a high refractive index; 
axi6 have an apf^tpriate coeffict^ of friction valua In addition, the coating can be formulated for weton-wet applica- 
tion, with simultaneous ladation curing at oommerdaOy acceptable cure speecte. 

In Ua Serial No. 742.531 , fOed August 8. 1991 . which was a contim^tton of US. Serial Na 350.239, filed May 11 . 
1989 and of which this appfication is a contirwation-avpart coating compositions prepared from acrylate- or methacr- 
ylatetesed components and having excellent properties yis-^i^fe the above characteristics were disclosed. That appO- 
cation cfedoses acrytate-mocfified primary aivl secondary coating the primary coating tndudtng an aaytated 
uretfianeoOgomer; an alkyl acrylate monomer; a refractive index mod9ter; an adhesion promoter; and a photoinitiator. 
The secondary coating includes an acrylated urethane oG^mier based on a polyester; a (meth)acrylated conpound; 
and a photoirdtiator. 

WO 90/13523 cfisdoses a Oquid. radiation-cured coating composition for producing coatings on gl^ surfaces 
which contains 56 to 89% by weigW of at lea^ one diettiylenicHjnsaturated polyureth^ 
one ethytenicHinsahiratedrnonomer.0.5to8%k>yweightof atleastoneph^ 
atoxysilana 

WO 92A>4388 teaches optical fibre coatings prepared from compositions containing a vinyl ether oligomer pre- 
, pared by reacting a hydroxyl-terminated polyester.or polyether. a dnsocyanate and a hydrcwy mono|jinyl.ether..with.. 
mono or multifunctional vinyl ether terminated monomers, which may be derived from esters or alcotvds. 

EP-A-0336653 descrbes optical ihfe coatings with a low glass transition tenperature which are prepared from acr- 
ylated urethane oligomers having a molecular weight of 2.000 to 6.000. an aliphatic monofunctional acrylate or mono- 
functional aryl-ixxitaining acrylate having glass transition temperatures below -20**C. a photoinitiator and. optionally, a 
crosslinking acrylate ester having at least two acrylate or methacrylate groups per molecule and having a molecular 
weight less than 4,000. 

SUMMARY OF THE INVENTIQM 

It has now been (fisoovered that it is the functional backbones of these components, rather than tiieir end grotps. 
that confer the excellent properties upon the compositions of the parent appBcation. Thus, systems analogous to the 
acrylate- or methacrylate-based compositions of the parent application, but bearing any reactive end groups, are 
equally suitable in meeting these requirements. These applications are expressly incorporated by reference herein. 

The present invention therefore addresses analogous systems incorporating various other exerrplary end groups 
c^>able of reacting upon irradiation or ottier means, either by free radical initiation or cationic cure, to provide excellent 
performance coating. Such end g^oups include, but are by no means limited to^ free radical systems such as thiolene 
systems (based on the reaction of multifunctional thiols and unsaturated polyenes, such as vinyl ettiers; vinyl sulfides; 
allylic ethers; and bicycOc enes); amine-ene systems (k>ased on the reaction of multifunctional amines and unsaturated 
.polyenes);.acetylentc systems; systems wherein the reactive portion of t^^ 

other vinyBc (e.g., styrenic) systems; acrylamide systems; allylic systems; itaoonate systems and crotonate systems; 
and cationic cure systems such as onium salt-induced vinyl ether systems and epoxy-terminated systems which react 
by ringK)pening; and any others based on compounds possessing reactive termini. In fact, virtually any end groups 
which cure by irradiation or ottier means but do not adversely effect ttie desirable properties (i.e., the coddativei thermal 
and hydrolytic slatMlity and the moisture resistance) of the cured composition are envisioned. 

Another contribution of the present vivention over ttiat of the parent application is the (Sscovery that three of the 
components said in the parent appfication to be required are. in some drcumstances. optional. 

One of these components s a silane adhesion promoter, which, it has now been d^covered. is not required in nxxi- 
erate- or bw-terrtperature. low-humidity environments. 

Anottier other cornponerit which is riow loiown to be optional is a nranorw 
ety; in some instances, the composition Hself may provide a refractive index suHaUe for ttie present invention without 
the addition of such nronomer or oligomer capable of modSfying refractive index. 

Also, a photoinitiator in some instances, optional; for instance, when electron beam cure of a free radical system 
is envisioned, a photoinitiator may be omitted. 

Accordingly, in preferred entxxliments of the invention, a txoad spectrum of radiation-curable secondary coatings 
for optical fS>er8 has t>een provided. The seoorxlary coatings have relatively high glass transition temperatures (i.e. 
about 50*»C) and tensile moduli of about 689 MPa (100.000 psi*) at 25*»C. The secondary coatings also have r^ctive 
indices greater ttian ttiose of ttie cladding material of the optical ifber. for stripping out errant light in a monocoat appli- 
cation. An optical fber coated with the secondary coating alone, or witti the primary and secondary coatings of the 
present invention, has also t>een developed. 

The secondary coating of the invention, in a prefwed embocfiment oonprises: 

(0 from about 10 percent to about 90 percent by weight of an afiphatic urettiane oligomer based on a polyester 
and/or polyettier and containing a reactive terminus; 
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(II) from about 20 percent to about 60 percttit by weight 
(ap^ cl reacting wHh the reacthre tenrinus of (I); and 

(III) optionally, from about 0.05 percent to about 1 0.0 percent by weight of a photoiniiiator, aU of the stated percent- 
ages by weight for the secondary coating being based ijfpon the t(^ (II) and (110. 

A a)ated optical fajer and process for fweparing a co^ entxxfimenl. 
the process oonprises sequentially applynig to an optical fi)er primary and secondary coating layers as described 
above and radiatiorhcuring the coating layers. 

The coating compositions of tiie invention are also useful for ottier coating and protective purposes. They can be 
formulated to be useful on glass, ceramic, granite, and mait)le surfaces, and the lika 

DESCRIPTI ON OF THE PREFERRED EMBODIMEhTTS 

The invention relmes in part to radiationKairable secondary coa^ 
^cpated.may comprise a glass core and a glass dadding layer. The core..fwr.exanple. ma^corrprise^ca.doped.wilh.. 
oxides of germanium a phosphoms and the cladding, a pure or doped silicate such as f luorosificata Altem^. the 
fa>ers may comprise a polymerK:lad sflica glass oora Examples of such polymer claddings include organosOoxanes 
such as polydimethylsOaxane or a f luorinated acrylic polymer. 

The secondary coating should form a haid protective layer; have a relatively high modulus and glass transition tem- 
perature: and also be moisture resistant. 

The coating should be transparent; nonmalodorous; to curing; and renrain ad^^ 
and humicfity environments. 

The presert Invention Invoh^ the recognition that it Is the bacWxjne por^ 
dients of the oonposition that confer the excellent performance properties upon ttie conpositkMi, and ttiat any end 
groups meeting certain requirements may be used in fbnnulating the various components of the present Invention. It is 
merely required that ttie components contain end groups which react upon exposure to inacfiation or other initiation. i.a, 
where the components contains at least one terminus or groijp that is capable of reacting 

other components. The reactive youps. when cured, must produce a composition which is stable with respect to ther- 
mal, hydrolytic and oxidative stresses to which the cured conposition may be sutjjected. 

Additionally, while ttie end groifw must react to cure well upon exposure to irradiation or ottier initiation, ttiey should 
not be so reactive as to cure prematurely, so tiiat if desired, a "one package" system woukj be unfeasibia 

While not desiring to be limitative, two broad classes of systems which meet ttiese criterion are discussed and 
exemplified herein. One such system is a free radk»l initiated system, many examples of whfch are well known in the 
^ art and several types of which.will be exemplified bekiw.. ™ — , ^ 

A second system is a cationic cure-type system, wherein reactive adds are generated in tiie presence of ultraviolet 
light Such catfonic curing systems are known in tiie art and are generally disctosed. for exampla in U.S. Patent 
3.981.987 and 4.981 ,881 to J. Crivello, assigned to General Beclric Corporation and herein expressly incorporated ty 
reference. 

Again, however, tiiese systems represent only nonlimitative examples of chenistries whk:h are suitable for use in 
the preserit Invention; any system whwh does not compromise the quaTrbes of the cured conposition may be used. Fur- 
themiore, "hybrid" corvpositions containing mixtures of different reactive systems may be used, so long as tti«r mixture 
does not interfere with the cure of eittier system, and ttieir mixture does not adversely effect ttie cured conposition. 

Examples of free radical systems induda but are not limited to. acrylate- and mettiacrylatatesed systems; tWo- 
lene-based systems; all-allylic systems; ottier vinylic (ag.. styrerac) norbomenyi systems; systems: acrylarrade sys- 
tems; itaconate systems; crotonate systems; amine-ene systems; acetylenk: systems; and internally reactive systems. 

One preferred free radk:al system ottier ttian (metti)acryfate which is exemplified heren fe a ttitolene system, vvhich 
Involves ttie reaction of a mercaptan (ttiioQ witti a polyene, wherein ttie two components are reacted in stoichiometric 
proportion. 

The polyene component of ttie ttiiolene system may. ttieoretically. be any component containing a reactive, unsatu- 
rated yoMp. most desirably attached to an electron-rich atom orgroip. Thus, a prefenred polyene is a polyfunctional 
vinyl ettier; ottier suitable groups indude but are not United to allyfic ettiers; vinyl sulfties; ^enes; acrylanides and 
acetytenea 

Anottier suitable dass of compound indudes bicydic enes such as nortximene carboxylate (ttie reaction product 
of cydopentadiene and acrylate), afthough tiieir ester functionality may convronise hydrdytic stability. 

Witti respect to ttie ttiid (mercaptan) component primary ttiids containing 6 to 1 8 carbon atoms, and preferably 8 
to IScaibon atoms, such as I.IOKlecanedittiwI, or any linear, cycfic or branched hydrocarbon ttiiol containing frwn one 
to four ttiid grot4>s may be used. Primary ttiiote are preferred, inasmuch as tti^ are most reactiva fdlowed by second- 
ary, and, finally, ttie least reactive tertiary ttuola 
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Aftemativety. even higher r eactivtty is achieved when the sulfur atom of the mercaytoi is in the vidrily of a cartxyiyi 
gnngx e.g. . m&captoacetate or mercaptopropionate; amiough hydro!ytic s^ity may be inpatred. due to the presence 
of the ester group. 

As mentioned, asaa. an altemalive system is a cationic curing sysl^ Such systems require an onium salt, ag., 
iodonium, suHbnium. arsonium, azonium. txcmonium. or selenonium. which salt generates cations on exposure to 
ultravfolet Bght Such onium salts are desirably nxxffied t^ bonding thereto saturated hydrocarbon moieties, to anpme 
their conpatftwlity with the very hydrophobic conponerts of the conryosifo n . Nonlimitative examples of such caliortic 
curing reactive groi4)sindude vinyl ethers (wherein aDreacliw ether terminated); and epoxy ter- 

minated systems which react by ring opening (e.g., between cydohexene oxide and oxirane or b^een glyddyl esters). 

THE PRIMA RY fBUFFEm CQATINf^ 

The primary coating conposition which nray be used in the presert invent«^ 
(B) and (C). 

..A. The Hvdrocpfhnn-fffl<fftrt fflOftmftf . 

The first Ingredient is a specTw hydrocarborvtased digomer (A). Th^ 
to about 90 percent weifi^rt of the conposit^ 

positon. Preferably, this ofigomer comprises from about 1 5 percent to about 85 percent and more preferably about 20 
percent to about 80 percent by weight of the composition, based on total weight of the (A) through (C) ingredients. 

The particular hydrocarbon^ased oligomer used in the preset inventkKi was chosen to inpart good thermal, cod- 
dative and hydrdytic stability to the cured systenrt 

It has been iTOwn In the art that various types of UVcurable o^ 
glass transition tenpeiature^ype coating. Acrylateor methacrylate-tenninated monomers are particularly commonly 
used due to their ease of cure upon ultraviolet radiation. One system known in ttie art is acrylate-endcapped polybuta- 
diene-type nAber or nibber-modified acrylated monomers as base resins. Whfle ttiese systems have excellent low tem- 
perature properties and are suitably hydrophobic, ttwir internal carbon-carbon double bonds (unsaturation) make ttiem 
susceptible to Qxdation over a long period of tima 

It is also known in ttie art to employ acrylated siBcones as base resins in such compo^^ 
low temperature properties and hydrophobicity. ttiey are difficult to fomiulale witti a suitably hi^ refractive index tend 
to have poor thennal slabflity. and may be susceptible to hydrogen oulgassing whk*» can lead to sfa^ 
fS)ers so coated. 

Yet anottier system known in ttie art involves the use of acrylated f luorocaibons. While these are suitably hydro- 
phobic and ttiermally stable, they are typically inconv)atible witt) most norWiatogenated organic conpounds- Addrtion- 
ally. they are very expensive relative to other systems. 

To overcome rnany of ttie dsadvantages of ttie prior art systems, ttie primary coating of ttie present invention uti- 
lizes a uretfiane system based on an hydrogenated polybutadiene backbone. In g^ieral, urettiane acrylate ^sterns 
based on pdyettiers or polyesters were ireually characterized by poor water resistance and by ttiermal instability. Adcfi- 
tionaJly. known urettiane oligomers based on aromatic isocyanates displayed ttiermal instabOity and tended to yellow 
While polyettier-based ur^hane acrylates have exceHent tow Tg properties, ttiey are. when used alone, generally not 
hydrophobic enough fbr optical f ber applications and are susceptWe to oxidation. Pdyester-based urettiane acrylates 
have good ttiermal slabirrty but are susceptible to hydrolysis. Furttiennore. it has now been found ttiat ottier end groips 
besides acrylate and mettiacrylate whfch are capable of supplying a reactive temninus to ttie reactants are also very 
suitable for the purpose of ttiis invention. 

Thus, ttie primary coating of ttie present invention uses an digomer which, in combination witti ttie ottiw 
nents of ttie composition, obviates many of the above problems. 

The digomer (A) utilized in ttie primary coating of ttie present invention is ttie reaction product of (i) a hydrocarbon 
pdyol, ttie hydrocarbon portion of which is from about 500 to about 4,000 mdecular weight; (il) an afiphatic pdyisocy- 
anate; and Oii) an endcapping monomer capade of supplying a reactive termnius. 

The hydrocarbon polyol (i) is provided by a linear or branched hydrocarbon containing a plurality of hydroxyl end 
groups, and providing a hydrocarbon backbone to ttie oOgomer. The hydrocarbon portion s from about 500 to about 
4.000 mdecular weight and preferably about 600 to about 4.000 mdecular wdghL Molecular weight in ttife case 
determined by gel penneation chromotography (GPC). using a mettiylene chtoride solvent bs measured a^ir^ poly- 
styrene mdecdar weight standards. By "hydrocarbon" is meant a non^aromatic conpound containing a majority of 
mettiylene groups (-CHg-) and whkrfi may contain Intemal unsaturation andfo^ Fully saturated 

fi.e.. hydrogenated) hydrocarbons are preferred because ttie long temi stability of ttie cured optical ftoer coating 
increases as ttie degree of unsaturation decreases. Suitade hydrocarbon polyds include but are not fimited to hydroxyl- 
terminated. Idly or partially hydrogenated 1.2-polybutadienepolyd: 1,2-pdybutadienepolydtiydrogenatedtoan todine 
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nun4)er of from 9 to 21 :fuDy or partially hydrogenated polyisobutylene pcrfyd: polybutene polyol; hyclrogenated drner 
cliols; nfHxtures thereof, and tfie Oka Preferably, tfie hydro^rtm polyol Is substantially fuDy hydrogenated. and thus a 
preferred polyol is hydrogenated 1 ,2iX)lyl3utadlena 

The polyisocyanate oorrponem 09 Is non-aromatic. Ofigomere 
in the cured coating. fNtonnaromaticpolyisocyanatesoffrom4to20caitx>natomsfn^ Suitat)le saturated 

aliphatic polyisocyanates include but are not Bmited to isophorone diisocyanate; dicydGhexylmethan&4.4'Kfiisocy- 
anate; 1,4-tetramethylened5socyanate: I.Spentamethylenecfiisocyanate; 1.6-hexanN^ene diisocyanate: 1.7-hep- 
tamethylene (fisocyanate; l.&octamethylene disocyanate; 1.9^ionamethylene diisocyanate; I.KWecamethylene 
diisocyanate; 22.4-trimethyl-1.5-pentamethylene disocyanate; 2.2*-dimethyl-1,5-pentamelhylene dflsocyanate; 3- 
melhQxy-1,6-hexamethylene diisocyanate; 3-butQxy-1,6-hexamethylene dnsocyanate; omega, omega'-dipropylether 
(fiisocyanate; 1 ,4-cydohexyl dnsocyanate; 1 .3H;yclohexyl difeocyanate; trimethylhexamethylene diisocyanate; and mix- 
tures thereof. Isophorone disocyanate ^ a preferred aliphatic polyisocyanate. 

The reaction rate between the hydroxyl-terminated hydrocarbon and the dnsocyanate m^ be increased by use of 
a calalysl in the amoum of 100 to 200 ppn^ Suitable catalysis I 

tin oxide, dibutyl tin di-2-hexoate. stanrwus oleate, stannous octoate. lead octoate. ferrous acetoacelate, and amines 
.such>as triethylamine,.diethylmethyiamine, triethylenediamine. (fimett^yl-.ethylanine.. morphQGne,.^*Tethyl.molpholine, ., 
P9)erazine. N.NKlimelhyl benzylamine; N.N<Jlmethyl laurylamine. and mixtures thereof. A preferred catalyst is dOxityi 
tindHaurata 

The endcapping monomer (iii) is one which is capable of SMPplying at least one reactive terminus. An exen^lary 
end groi4> conforms to the formula 




wherein is selected from the group consisting of acrylic, methacryfic, vinylic, allylic. styrenic. acrylamide. nor- 
bomenyl. acetylenic. epoxy, mercapta amino, itaconic and crotonic; and are rndependenlly selected from the 
group consisting of hydrogen, metfyl. ethyl or propyl; m « an integer from 1 to 10. and pis 0 or 1. 

Examples of compounds which rnay be used for the endcapping inonomer include but are not 
methacrylates,. vinyl ethers.. vinyl sulfides, allyls, bicydicenes. mercaplans, acetylwes. .epoxides.~amines,-styrenes. 
acrylamides, and so ftxth. Suitable hydroxyl-temiinated compounds which m^ be used as the endcapping monomer 
include but are not limited to hydraxyelhyl acrylate; hydroxy^ methacrylale; hydraxypropyl acrylate; hydroxypropyl 
methacrytete; hydraxybutyl acrylate; hydroxybutyl methacrylate; alkyi ether; hydroxyethyl vinyl ether; hydraxypropyl 
vinyl ether; hydroxybutyl vinyl ether; hydroxyethyl mercaptan; hydroxypropyl mercaptan; h^roxyelhyl-a-mercaptopropi- 
onate; and hydroxypropyl-3-mercaptopropionate. 

In an acrylate based system, a preferred endcapping monomer is hydroxyethyl acrylate or hydroxyethyl methacr- 
ylrte. In a thiolene or in a cationic cure system, a prefwed end-capping 
tfiiolene system, hydraxypropyl mercaptan. 

The molar ratio of the polyol. disocyanate and endcapping monomer is preferably approximately 122. 

A preferred oGgomer is based on the formula 



XOCNHR^NHCOR^OCNHR^NHCOQ 

il II 11 II 

o o o o 



where 

is a linear or branched hydrocartjon polymer of from 500 to 4.000 (preferably 600 to 4,000) molecular weight 
selected from the group consisting of ftilly or partially hydrogenated 1.2-polybuladiene; 1^-polybutadene hydrogen- 
ated to an iodne nuntw of from 9 to 21 ; fuDy or partially hydrogenated polyi^ 
dmers; 

r2 fe a Biear. branched or cycfic alkylene of from six to tw&tty cartx>n atoms; and 
X and Q are independently either 
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(a) a radical of the ibnnuia: 




wherein R^, m aixl p have the same meaning as abcve. or 

(b) a saturated afkyi radical of from nine to twenty cart)ona!oniis^ with the prov^ 
sess at least one reactive terminal (end) group. 

An espedaDy preferred monomer is one in which is acryOc or methacryfic; th» oOgomer is disclosed in ULS. PW- 

_ ent 4.786.586 to Lee et aJ.. which patent is herein incorporated bf reference. . ^ 

The abovedescribed oBgomer is particularly suitable because its saturated hydrocartx)n backbone gves the oO- 
gomer suitable hydrophobidty and thermal, cxidative and hydrolytic stability. The glass transition temperature off the oG- 
gomer is appronmately -20<<) and may be lowered by Uending with ^ 

The prirnary coating containing this ofigomer has a water absorption vahje of 
biy less than 2.5%. 

Another particularly preferred oligomer s the vinyl ether analog or mercapto analog of the above oligomer, i.a, 
where is either vinylic or thiol, respectively. This oligomer also confers excellent thermal, oxidative and hydrolytic sta- 
bility and hydrophobicity to a cured coating vvhlch includes it 

B. The Hvdrocaitx)n Monomer 

The second essential component of the composition of the primary coating conrposition is a hydrocarbon monomer 
which is terminated with at least one end group capable of reacting with the reactive terminus of (A). The hydrocarbon 
portion (moie^) of the mononrier has between 6 and 20 carbon atoms, and preferably betw 

(B) may be either straight chained, branched a cycSc. This conponent comprises from alxxjt 1 0 percent to about 90 
percent by weight of the composition, based upon the total weight of the (A). (B) and (C) ingredients of the conposition. 
Preferably, it conprises from about 1 5 percem to about 85 percent and nmre prefe^^ 
80 percemi>yweigm of the composition, based ipon the total weigM off (B),and(C). 

^This seoondronponent ts-one-having one or.more end groups capable of reading with the reactive terninus of (A). 

Thus, for example, in an acrylate system, the component might be acrytateor m^crylate-temninated; in a thiolene 
system, vinyl ether-or mercaptan-terminated; and in a cationic cure system, vinyl ether4ernrinated. 

The monomer e selected to be one that Is compatible with the very hydrophobic oGgomer discussed abova It is 
also chosen to be one which is soft-curing and which has a low Tg, thus lowering the Tg of the composition including 
it Suitable exarrples of such monomers include but are not limited to acrylates and methacrylates such as hexyl acr- 
ylate; hexyl methacrylate; 2-ethylhe9(yl acrylate; 2-ethylhexyl methacrylate; Isooctyl acrylate; isooctyl melhacrylate; 
octyl acrylate; octyl methacrylate; decyl acrylate; decyf methacrylate; isodecyl acrylate; Isodecyl methacrylate; lauryl 
acrylate; lauryl methacrylate; tridecyl acrylate; tridecyl methacrylate; pabnittt: acrylate; palmitic methacrylate; stearyl 
acrylate; stearyl methacrylate; C14 to C^g hydrocarbon did diaoylates; C14 to C15 hydrocartx>n (fid dimethacrylates; 
primary Cg to C^g hydrocarbon-based dHhwIs such as 1 . 1 0xlecane dithid; secondary or tertiary dithids (which are less 
reactive than the primary thiols); 0$ to Cis thidated esters such as mercaptoacetate esters or mercaptopiopionate 
esters (which are desirably reactive but which may lack in long-tenn hydrolytic stability; C4 to C18 hycfrocartx)n did divi- 
nyl ethers such as hexanedid divinylether; lauryl vinyl ether; elhylhe)^ vir^ ether; isodecyl vinyl ether; butanedid divi- 
nyl ether; cyctohexanedimethand cfivinyl ether; mixtures of C14 and 615 dd divinyl ethers; and mixtures d the abova 

Prelerred alkyt acrylate monomers include stearyl acrylate, lauryl acrylate and isodecyl acrylata A particulariy pre- 
ferred one is lauryl acrylate. Preferred other hydrocaitx)n monomers include the C10 dilhid. 1.10-decane dithid. and 
the divinyl ether, heKaned*K>l divinyl ether. 

The monomer should be used in a quantity suff idem to acgust the total primary coating conposition to a viscosity 
in the ranged about 2.000 cps (centpoises) to 10.000 pps, measured by a BrookfieM viscometer, modd LVT. spindle 
speed of 6 rpm, spindle number 34. at 25*^0. 
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C. The Photolnftiatnr 

A third, optional, ingrecfienl of the primary coating oonposition is a phatoinitiator (C). In free radical systems, th 
photoimtialor is only required when uttraviolet racfiatkxvcure is envisioned; in other errtxxfiments. such as, for exanple. 
if electron beam cure of a free radical systOTfe to be effected, thephotoinitiatormay be omitted. In calionicaDy cured 
systems, however, a photoiniliatDr is required even when electron beam cure is to be effected. 

The photoinitiator. when used in a smaD but effective amourt to promote r«i^ 
cure speed without causing premature gdation of the compositi^ 

of the cured optk:al coaling. SKO further, the photoinitiator must itseH be thermally stable, non-yellowir^ a«J efficient 

The type of photoinitiator whkii is used wai be dependent on wh* er a free 
system is used. 

Suitable free racfical-type photoinitiators include but are not IMted to the following: hydroxycydohexylphenyt 
ketone; hydroxymethy^enytxopanone: dimethoxyphenylacetophenone; 2Hnethyl-H4-(m^ fhiojphwyl] -2-mor- 
pnofi^^ 1-(4HSopropy|)henyl)-24iydraxy.2Hnetfy(pr^^ H-Wodecylphenyl)-2-hydioxy-2-meth- 
ytpropan-1-one; 4H24iydrQxyethyoxy)phenyl-2(24iydroxy-2i)rDRyDteto acetophenone; and mixtures 

.of-these.*....,. ™ _ ^ ^. _ . , ^ . . « . 

Suitable cationk: cure-type photoinitiatorB include but are not limited to onium salts sudTas iotonium. suifbnium 
arsonium, azonium. bromonium or selenonium. which are preferably chemically mocGfied to render them more hydro^ 
phobic &g.. by incorporating saturated hydrocarbon moiefies such as alkyf or alkoxy substituents of from about 4 to 
about 18 carbon atoms. Particularty preferred cationk: cure initiators include but are not limited to {4-octyioxyphenyl) 
phenyl iodonium hexaf luoro antimonate; (4-octykwyphenyO diphenyi sulfonium hexafluoro antimonate; (4<Jecyloxyphe- 
nyO phenyl iodonium hexafluoro antimonate; and (4HOCtadecyk>xyphenyO phenyl kxtonium hexaHuoro antimonate. 

The photoinitiator. vvhen used, preferably comprises from about 0.05 percent to about 1 0.0 percent by weight of the 
composition, based t4)on the total composition of the (A) through (C) ingredients. Preferably, the amount of photoinitia- 
tor is from about0.2percert to about S.Opercert. and more preferably aboutO,3perce^ 

tesed upon total weight of (/Q (B) and (C) ingredients. Generally, cationic cured entxxfiments require lower amount^ 
of photoinitiator than do free r^cal embodiments. 

A partfcularly pretended free radcal-type photoinitiator is hydroxycydohexylphenyl ketone, and a particularly pre- 
f^ed catonic cure-type initiator is (4^axyphenyO phenyl kxtonium hexafluoro antimonate. The photoinitiator 
shouU be chosen such that a cure speed, as measured in a dose versus modulus curve, of less ^ 
preferably less than 0.5 J/cm^, is required, when the photoinitialor is used in the designated amount. 

D. The Qptonal Cmsslinkinq Agpnt 

- - - Another optfonal ingredient is a crosslinking agent (D),.which.may be used in«ol^e-type systems. TTiis agent is- 
typically a polyene or a polythtol whteh is capable of helping to coreact a multifunctional system. An exanple of a suit- 
able aosslinking agent is trimethytolethane trivinyl ether. When used, the crosslinking agent corrprises from about 1 
percem to about 50 percem by weight, and preferably from about 5 perc^ 
position, based on the total weight of the (A), (B) and (C) conponenta 

E. The Optional Stahirgflr 

To improve shelf life (storage stability) of the uncured coating, as well as to inaease thermal and oaddative stability 
of the cured coating, one or more stabilizers may optionally be included in the conpositkMi. Examples of suitable slat^- 
lizers include but are not fimited to tertiary amines such as dietfiylethanolamine, diethyl hydraxyl amine, and trihexy- 
lamine: hindered amines; organk: phosphites; hindered phenols; mixtures thereof: and the like. Some partteular 
exanfjles of anboxklants whfch can be used include but are not Dmited to octadecyl-3-(3\5*<Ji-tert-butyl-4*- hydroxyphe- 
nyl) propionate; thiodiethylene bis (3,5Kfi^ert-butyl-4-hydrDxy) hydrodnnamate; butylated paracresolKik:ydopenlatli- 
ene copolymer; and tetrakis [methylene (3.5KJHert4xjtyl-4.hydroxyhydrodnnamate)l methana AdditionaDy. certain 
sflanes may be used m very smaD quantities. ag..as tow as about 0.0001 percent to about 0.01 percent by weight, as 
stabilizers. One example of a suitable silane ^abOizer is ^^nopropyHrimethoxy silana 

When a slabiBzer is used, it may be incorporated in an amourt from about 0.0001 parcel 
weight based on the weight of the (A) through (C) ingredients. Preferably, it is included in the range from about 0.25 
percent to about 2.0 percent by weight, and more preferably In the range from about 0.5 percent to about 1 5 percent 
by weight, based on the total weight of the (A) through (C) ingredients. Desirable properties of a stabilizer indude (1) 
non^nigratfon (probably enhanced tv tow polarity and high nwlecuto 

trafizing resklual add virhich might prematurely Initiate polymerizatton). Preferred stabilizers are octadecyl-3K3\5'-di- 
tert-butyM'-hydroxyphenyl] propionate and trihexylamine. 
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F. The Optional Adhesion Promote 

Another optional ingredert is an adhesion pr^^ 
huriKfily and high tenrperature environmerts, where delaniinata'on Is more of a risk. Accordingly, in low hunidty, low 
tenperature situatkMis (i a, below about 50% relative humidity and about 25^). the adhesion promoter is not required, 
although it may be required under concfitions of higher humitfity and higher tenpeiature. 

rt is known in the art to use either ackJ-functional materials or organofundional silanes to promote adhesion of res- 
ins to gJas& While add-funcBonal materials are operative in some embodiments, organo-functional silanes are pre- 
ferred. Add-functional materials are less preferred because of their possiale corrosivily towards the materials: their 
reactivity with certain systems (ag.. amin-enes); and their tendency to lose their adhesion properties on exposure to 
moistura Silanes tend to be much more suitable in terms of these factors and. therefore, are the adhesion promoters 
of <^ca Additionally, it Is usehjl to have an adhesion promoter having a ft 

during cure, to maximize its adheskm promotion as well ^ to minimize the quantities of unbound vdatiles. It ts neces- 
sary to select a silane which does not react adversely with the chemistry of tti^ 
in cationically cured systems). 

- ^ Variois suitable organohjnctional sOanes indude but are not.limited to amino-ftjnctional.silanes; acrylarTpdo-ftxnc:^. 
tional silanes: mercapt«>-ftinctional silanes; allyl4unctionaI silanes; viny»-ftinctional silanes; metiiacrylate-ftjncfional 
sflanes; and acrylate-ftjnctional sOanes. The adhesion promoters preferably are methoxyor ettwsxy-substituted as well. 

Preferred organohjnctional silanes include but are not firnited to mercaptoaD^ 
trialkoxy silane, aminoalkyi trialkoxy silane. vinyl trialkoxy silane. mixtures thereof, and ttie lika 

The silane is, of course, chosen to be reactive witti ttie rest of the system. Methacrylated silanes are desirable, 
when they are chosen to bind in well wrtti ttie cured system, but tend to skyw the cure speed of the system. The mer- 
caplo-ftjnctional adhesion promoters also chemicaOy bind in during cure in many systems, but do not appreciabiy slow 
down the y«i of the system. However, when mercapto^unctional adhesfon promoters are used in thidene sys- 
tems. it is necessary to ac^ the stoichkxnetry of the polyene component accordingly. Allyhfunctional and vinyl-ftinc- 
tional silanes are also desirable when tttey are chosen to bind in well with ttie system used. 

Some preferred organofunctional silanes tfiat enhance acffiesion in hunid conditions include 3-aminopropyl tri- 
ettKJxy silane, S-methacryloxypropyttrimettioxy silane, gamma-mercaptopropyl trimettioxy silane. gamma-mercaptopro- 
pyl (gamma-mercaptopropyQ tiielhoxy silane. beta-(3,4-epQxycyclohexyl) ethyl trnnethaxy silane, gamma- 
glyddoxypropyl triniethoxy silane. 3-vinylthiopropyl trimethoxy silane. vinyl-tris^bete-methoxyethoxy) silane. vinyl triac- 
eloxy silane, and ntixtures thereof. A particularly preferred adhesion promoter is gamma-mercaptopropyl trimetftoxy 
sflane. 

The silane compon^. when used, should be incorporated into tfie conposition in a small but effective amount to 
enhance the adhesion of the composition to the surface of an inorganic substrate, which on this eiTtxxliment, is glass, 
-and in ottier embodirnenls. is.glass,.enamel. nriarble, grarate or. the lika Jhe silane.component-when.usedr comprises^ 
from about 0.1 percent to about 3,0 percent bjf weight of the composition, based on total weight of the ingredients (A). 
(B) and (C). Preferably, the silane comprises from about 0.2 percent to about 2.0 percent and more preferably from 
about 0.3 percent to about 1 .0 percent, based on ttie total weight of ttie oligomer, hydrocarbon monomer, and photoin- 
itiator. 

G. TTie Optional Monomer or Ofioomer Contajnino An Aromatic Moii^ 

A ftjrther optional ingrecfient is a monomer or oligomer (G) which is capable of adjusting ttie refractive index of ttie 
composition. In some instances, adjustment is not necessary inasmuch as ttie ttie makeup of ttie oligomer (A) and^or 
of ttie ottier components confers an adec^ely high refractive index to ttie composition. The refractive index of ttie for- 
mulation, in any ( ^ s hould ideally be about 1 .48 or higher. The optional monomer or oHgomer, when used, contains 
at least (1) an aromatic moiety. (2) a moiety providing a reactive temiinus. and (3) a hydrocarbon moiety. This com- 
pound, when used, should be used m an amount effective for its stated purpose not in excess of about 60 percent by 
weight and generally should comprise from about 5 percent to about 60 percent by weight, preferably, from about 10 
peri»rt to about 40 percert by weigm and rriae preferably from about 15 percert to a^ 
ooiTf)06ition, based upon total weight of ttie ingredents (A), (B) and (C). 

The monomer or oligomer may be used to increase the refractive index for ttie reasons specified abova The aro- 
matic moiety of ttie monomer a oligomer (B) ^ itself capable of rasing ttie refractive index; however, ttie hydrocarbon 
moiety s required to inaease ttie compattoffity of tiiis monomer witti ttie hydrocartxxi-based oligomer (A). The moiety 
containing ttie reactive tenronus renders ttie compound compatible witti ttie system as a whole, inasmuch as it has an 
avaflable reactive grotp wKch aUows it to crossUnk witti ttie rest of ttie composHkxi upon uHravfolet curing, ttius n*ii- 
miztng ttie volatiles content of ttie cured system. 

Samples of aromatic monomers or oligomers additionally containing hydrocait>on character and a reactive group 
include but are not limited to polyalkylene glycol nonylphenylettier acrylates such as poiyettiylene glycol noriylphe- 
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nylether acrylale or polypropylene glycol nonylphenylether acrytele; polyalkylene glycol nonylphenyiether methacr- 
ylates such as polyethylene glycol fH)ny^^enylether methacrylate or polypropylene glycol nonylphenylether 
methacrylate; and mixtures of thesa Refracth^ index modSieis 
are also suitable, so long as the temiinus of this ingrecfiert is ooreactto 

In each case, the phenyl grotp sen^ to inaease the refractive index of the coating and the nonyl conpcment 
renders the conpositkMi somewhat more hydrophobe and, therefore. compatMe with th hydrophobic oGgomer (A). 
The rrfractive index of the oonpositionindutfing this monomer or oOgonte^ 

prising only (A), (B) and (C). A suitable primary coating composition should, again, have a refractive index of greater 
than or equal to about 1.48. 

The refractive index of the primary coating must be higher than that of the da^ If the fbers coated 

with the coating composition of the present invention are down-doped, i.e.. contain dopants which lower the refractive 
index of the f l>ef teeH, the refractive index of the coating wOl be different enough from that of the ftoer so that enant 
signals will be refracted away even without the incorporation of this component Therefore, in such embocfiments, the 
monomer or oligomer (G) is not essential to the compositioa 

>H.QptiQnal Chain Transfer Aflgas.^.^ . . , . 

Various other optional components may be used in the primary coating beyond the (A) through (G) components 
which are required or optional and which are descra>ed abova Por example, optfonal chain transfer agents (H) may be 
used to control the modulus and glass transition temperature of the coatir^ in acrylate or m^hacrylate syst^ns. One 
way known in the art to control the molecular weight and. consequently, the modulus and glass transition tenperature 
of a polynierization product is to use one or nfK>re chain transfa* agents. It is p^ 

fer agent to a fonnulation lowers the molecular weight of a polymer produced and results in a lower modulus, lower 
glass transition temperature coating. 

Pref^ed chain transfer agents which may be used in acrylate or methacrylate systens are mercapto confounds, 
optionally having a hydrocarbon chain of at least eight cartwn atoms. Examples of suitable mercapto chain transfer 
agents indude methyl thioglycolate; methyl-3-mercaptopropionate; ethyl thioglycolate; butyl thioglyoolate; butyl-3-mer- 
captopropionate; isooctyl thioglycolate; isooctyl-3-mercaptopropionate; isodecyl thioglycolate; isodecyk-S-mercaptcpro- 
pionate; dodecyl thioglycolate; dodecyl-3-mercaplopropionale: octadecyl thioglycolate; and octadecyl-3- 
mercaptopropionata Paiathiocresol; thioglycolic add; and 3-mercaplopropionic add ma^ also be used, but m^ display 
some inoompatibSlty with the resin and may produce odor problems. 

A particulariy preferred chain transfer agent is octadecyl-3-mercaptopropionate (ODMP). 

The chain transfer agent may. if used, conprise from about 0.1 percent to about 1 0.0 percent by weight of the com- 
position based upon the total weight of ingredients (A) through (C). Preferably, the chain transfer agent comprises from 
about 0.25 percent to about 5X).percent by.weight^ stiILmore preferably from about 0^ percent to about4.0 pwent 
by weight based on the total weight of the (A). (B) and (C) components. A suitable chain transfer agent, when incorpo- 
rated at about a 1.0 percent by weight level, lowers the glass transition tenperalure of the conposition by about 3^0, 
lowers the modulus by about 689 kPa (1 00 psi), and apparentiy increases the adhesion of ttie coating to the glass f ber! 
When greater than about 2.0 percent by weight of the chain transfer agent is incorporated in the composition, the mod- 
ulus and glass transition temperature of the composition are desirably lowered, but the shelf life is reduced somewhat. 

One preferred primary composition for coating an optical f toer. then, comprises the fonowing: 

(A) from about 45 percent to about 65 percent by weight of an aliphatic urethane acrylate oligomer having as a 
backbone an l^drogenated 1 ,2-pdybutadiene polymer; 

(B) from about 1 0 percent to about 20 percent by weight of lauryl acrylate; 

(Q from about 15 percent to about 30 percent by weight of polypropylene glycol nonylphenyl ether acrylate; 

(D) from about 0.3 percent to about 1.0 percent by weight of gamma mercaptoproi^ trimethoxy sQane adhesion 
promoter; 

(E) from about 2.0 percent to about 7.0 percent by weight of tiydroxycydohexylphenyl ketone photoinitiator; 

(F=) from about 0.5 percent to about 4.0 percent by waght of ocladecyW-mercaptopropkxiate. a chain transfer 
agent; and 
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(G) from about 0^ percent to about 1.5 percent ty weight of octadecyl 3K3\yKfi-tert-butyM*4iydraxwrfie^ pro- 

PKrate. wherem all of the staled percentages are pecertages by weig^ 
(E), inclusive. 

s Another preferred primary coaling, based on a thiolene-type system, conpises the Ibllowring: 

(A) from about 30 percert to about 70 percert by weigm of an emphatic 
having as a backbone an hydrogenated 1.2-polybutadiene polymer; 

10 (B) from about 5 percent to about 40 percenlby weight of l.l&decanedflhiol: 

(C) from about 2 peroert to about 10 peri^rt by weigW of hydro)^^ 

(D) from about 1 percent to about 20 percent by weight of trimethylol ethane trivinyl ether crossJintang agent; and 

(E) from about 0.001 percent.to about.0.1 peroerrt by.weight of diethyl hydroxyl aniinaslpbaizer;.and^ 

{F) optionally, from about 0.3 percert to about 1.0 percertiv weight of gamma mercap^ 
adhesion promoter. 
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wherem all of the stated percentages are percentages by weight based upon total weight of (A). (B). and (C). 
Yet another preferred primary coating composition Is a cationiccur&^ype system convrisbig the following: 

(A) from about 20 percent to about 80 percert by weight of an afiphatic v^ 
25 having as a backbone an hydrogenated 1.2-polybuladiene polymer; 

(B) from about 5 percert to about 80 percert by weight off a divirvl ether cap^ 
(A), such as hexanedid divinyl ether; 
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(C) from about 0.05 percent to about 5.0 percent by weight off an iodonium cationic cure initiator, such as (4-octy- 
loxyphenyl) phenyl iodonium hexafluoro antimonate; and 

(D) optionally, from about 0.3 percent to about 1.0 percent by weight of a mercapto-functional, vinyl-functional 
(meth) acrytate-functional or epoxy-functional silane, 



wherein all of the percentages are based ipon total weight off (A). (B) and (C). 
THE SECONDARY CnATlKin 

most inportart properties Of the secondary optical fiber coating are. a^ 
lytc stability after cure; hanjness; high tensile modulus; high glass transition tenperature; and high refractive index. 
The secondary coating off the present invention was thus fbnmilated to possess these and other qualities. Agaia the 
secondary coating of tiie present invention comprises 

(1) from about 10 percent to about 90 percent by weight off an aljphatic urethane oligomer based on a polyester 
and/br polyether and containing a reactive terminus; 

(10 from about 20 percert to about 60 percert by weigW off a hydrocarbonaceous vis^^ 
capable of readsng with the reactive ternwius of (Q; 

(III) optionally, from about 0.05 percent to about 10.0 percent by waght off a pholoinitiator, 

aO of the slated percentages by weight being based upon the total weight of (I), (II) and (III). 
The reactive temiini of the secondary coating may be any of those disdosed as suit^^ 
55 nriayormaynot,mthecaseoffatwoKX)msystem,bethesametenniniasint^^ 

istries off the end groups do not interact adversely, ag.. amnne^e systems and cationic cure systems. As with the pri- 
mary coating. Tiybrid* conpositions may also be used for the secondary coating^ 
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(I) The Afjphatic Urethane Ofiooma' Wrth Reactive Temttnus 

The first essential component (Oof the secondary coating ccmposition is an al9>hatic urethane 
a polyester and/br polyether and having a reactive termini 

Commonly used prior art oGgomers In UV-curing systOTs include acrytated potyest^ epoxies and urethanes. 
Acrylated polyest^ are undesirat)le inasmuch as they are suscepta)le to hydrolysis on high tenpeiature hydrolytic 
agir^. Acrylated epoxies have unacceplat3le thermal and oxkJalive statMDty problems and are prone to yellowing. With 
respect to the acrylated urethanes, both aromatic and aliphatic isocyanate4)ased urethanes are availaUa The aromatic 
urethanes have poor thermal and oxidative stability, but the afiphatk; urethanes do not possess these deftd ende& 

The backbone of mo^ commerically available urethane acrylates is of a pdyether or potyest»' ratura Both of 
these backbones have inherent disadvantages. The polyethers are gwierally hydrolytically stable, but are susceptOsle 
to oxidation. The polyesters, on the other hand, are oxidatively stable but susceptUe to hydrdysia Myestefs can be 
protected from hydrolysis l>y maximizing the formulation hydrophobidty via the selection of hydrophobic monomeis, ini- 
tiators, additives, and so forth, andtor by selection of inherentiy hydrophobic polyesters. Fbnnulation hydrophobidty can 
be improved in the same manner when polyether-t>ased urethanes are used. 

.However,-with.poly€4her*ased.urelhanes, rt is also necessaiy.to add various .tiiermal.stabilizers.and.arttiaxidants. 

TTnjs. one preferred approach is to use hydrophobi c polyester-based urethanes ttiat are protected from hydrolysis via 
selection of other protected constituents so ^ to maximize overaO formulatfon hydrophobidty This is inporlant 
because the overan physical properties of tiie coating are dramatically oomproni^ 

ferred approach is to use polyettier-based urethanes that are protected against oxidative 
of stabOizers. 

Yet another prefen^ed approach is to use urettianes based on a mixture of polyesters and/or polyettiers. Such mix- 
ture can be fomned either by mixing preformed tenrtnally reactive polyettier urethanes witti preformed terminally reac- 
tive polyester urettianes. or by fbrmulatnrig a mixed batch by reacting both polyester units and polyettier units wwtti an 
isocyanate precursor to form a mixed oligomer, and then adding ttie reactive termini. 

A suitable base oligomer, ttien. is an aliphatic urettiane oligomer having a polyester and^or a polyettier backbone. 
An example of a particularty desirable one is an acrylated aliphatic urettiane oligomer, containing 75 percent oligomer 
sofids in a hexanedid diacrylate solvent A suitable oligomer is Cargili 1512. avaiable from Caigill Ina. Minneapolis. 
MN. which comprises 75 peroem by weigm of an acrylated ary)hatic urettiane di^ 

yettier in 25 percent by weight hexanedd diacrylata Ottier suitable oGgomers are Photomer 6008. an acrylated 
aliphatic urethane digomer based on a pdyettier. from Henkd Corporation. Ambler. PA. and AB2010A, also an acr- 
ytated aliphatic digomer based on a pdyettier. from American Biltrite Inc.. Lawrenceville. NJ, In ottier entxxJiments, 
other termini than diacrylates may be used, as specified for ttie primary coating. 

The digomer conponert conrprises from about 1 0 percert to about 90 percert ly w^ 
- cent.to.about.80.percent.by weight, and more preferably from about 40.percentto about 80.percent by-weight4)f-ttie~.- 
total weight of ttie essentid composition, dry sdids basis, the above perccH^^ 
only 

(11.) The Hvdrocaibonaceous Viscositv-AdiiJBtina Conrpnnent 

The second component in the secondary coating is a hydrocarbonaceous viscosity-adjusting compound which is 
capaUe d reacting witti the terniinus d (0. One function d thte compound is to a(jOu^ 

which renders rt easy to apply to buffer-coated fa>ers. The compound is one which is hydrocaibon in nature so as to 
render it hydrophobic and to make it compatble witti ttie rest d the system, and preferably which contains a bicycGc 
structure so that it is shrinks minimally when cured. 

Suitable such components indude but are not Imiited to isobomyl acrylate; isobornyl mettiacrylate; Cs to Cie sat- 
urated hydrocarbon did acrylates or mettiacrylates such as a mixture d C14 and C15 did diacrylates or dimettiacr- 
ylates, hexanedid diacrylate or hexanedid dimettiacrylate; isobornyl vinyl ettier; Ce to C^s saturated hydrocarbon did 
vinyl ettiers such as hexanecfid divinyl ettier or cyctohexane (fimettiand divinyl ettier: Cs to Cie saturated dittiids such 
as hexanedittiid. decanedittiid. and cyctohexane dim^hand dittiid; Ce to C^e saturated hydrocarbon terminal dioxides 
such as tetr^iecadiene doxide; Cg to Cte saturated hydrocarbon terminal diglycidyl ettiers such as hexanedid diglyd- 
dyl ether; or mixtures d ttiese, so long the mixtures are coreactive but not adversely reactive with ttie oli^mers used 
in the (I) component. A mixture of isobomyl acrylate and hexanedid cfiacrylate (ttie hexanedid diacrylate being pro- 
vided as the reactive solvent for ttie digomer) is a preferred constituent 

The component (IQconprises from about 20 percem to about 60 percem by wdgm of ttie conrposition.niorep^^ 
erady from about 25 to about 50 perc»it and stiD nriore preferably from about ^ 
on total wdg^ of ttie (0. (10 and (III) oonponents. dry sdids basis. 
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III The Qptionai Photninrtiatnf 



As wHh the primary coating, a phototnitiator (III) is a desimtile conponent of the secondary coating Ixit is. in the 
c^ of free radical systems, required only when ultraviolet photoinitiatorstfs- 

5 closed as suitatjie for the primary coating are again suitable: again, preferred photoinitiatorB are hycfroxycydohexylphe- 
nyl tetone and (4-octylQxyphenyO l^ienyl iodonium hexaf hioro antmonala The photoinitiator is used in an amount that 
IS effective to tnitiate curing of the conrposition. and may comprise from atXMit 0.05 percent to atxxjt 1 0 percent by 
weight based on the total weight of (I). (II) and (III), preferably from about 0.2 peit»rt to about 8.0 percert by weig^ 
and more preferably from about 0.3 percert to about 7.0 percent by weigW 

10 the (I). (II) and (HQ conrponents. is used. 

Generally, a lower level of photwnitiator is acceptable and periiaps desirable in the secondary coating relative to 
the primary coating, though thfe is not a requirement. In oider to maxinuze the amount of Gght available to cure the pri- 
mary coating through the secondary coating, it Is Biiportant not to 
as in the case where the coatnngs are applied wet-«n-wet and then slnuttaneousty cured 

IS 

iV..Qther Optional Inqrrtients^ .^-.^^ . 

As With the primary coating, various optional additives such as sta^ 
hmited to one or more of organic phosphites, Nndered phenols, hindered amines, certain silanes. mixtures thereof and 
the lika A particufarty preferred stabilizer is thiodiethylene bis(3.4-<fi-tert-butyM-hydroxy) hydrocinnamata When lised 
the slabflizer may be presort in amounts of from about 0.1 percert to 3 percert by weight 
0.25 Percerttoabout2perc«rtbyweigW. and still more preferably from about 0.5 to abo^ 
based on the total weigW of (I) oligomer. (II) monomer and (HQ photoinitiator. 

Another optional additive for the secondary coating is a surface tensk^ 
used in embodiments where a secondary coating is to be applied atop a cured primary coating. 
Also, a aosslinking agent may, optionally, be included in the secondary coating as well. 
One preferred secondary coating conposition for coating an optical f^^ 

( 0 from about 40 percert to about 80 peii»rt by weig W of an acrylated alipha^ 
30 yesterand^or polymer; and ^ 

(10 from about 25 percert to about 50 percert ly weitfi of a mixture of isobornyl acr^ 
and 



so 



25 



-35 . 



(IIOftomatx)ut2.0percerttoaboirt.7.0^)ereentby hydraxycyciohexylphenyl ketone photoinliator.. 



40 



45 



SO 



55 



Wherein all of the stated percentages are by weight, based upon total weight of (I), (11) and (HQ. 

^toe preferably, this conposition also includes from about 0.5 peroert to abort 
fte weight of the composiSon. of a stabnizer such as thiodiethylene bis (3,5^mert4xHyM4iydraxy) hydiocinnainate 
Alsa m one ent)odimenL a cfosslinWng agert of the type and in the anrourt disctosed tor 1^^ 
used. In other preferred entecfiments. a surface tension adjusting additive may be included as well, and the oligomer 
component (0 may be a mixture of alqphatic i^ethane acrylate oligomers based on polyeiher backbones 

Anatogous systems, i.e.. systems having the same functional backbones may 
include but are not limited to other free radical type systems such as thiolene systems: anine^e systems; acetylenic 
systems and internally-reactive systems; and cationic cured systems such as onium salt-induced vinyl ether systems 
and epoxy-tenninated systems. As with the primary coating, any readiva end group chemistry which, when cured, pro- 
duces a coabng which is sufficienlly hydrophobic and which has good thennal, oxidative and hydrolytic st*irity. Any 
system «Mch does not advefsely interact wHh the chenastry of the primary coating, including "hybrid" systems as wrell 
as "single chemistry" -type systems, may be used in the secondary coating. 

The 2.5% tensile modulus of the secondary coating should be at least about 276 MPa (40.000 psrt. and preferably 
at least about 689 MPa (100.00 psQ. measured at 2S^. The relatively high modulus of the secondary coating relative 

to the primary results in desirable properties, such as cut-through resislance and miaobend^ 
tormation ofslicidajers, aOcwing for easy spooling and unspooling. 

In a prefen^eden*odiment the secondary coating of the invention may be used overtop a primary coating How- 
ever, in anottier embocfimert. optical f bers may be coated drecBy with the secondary coating, omitfing a primary coat- 
ing lajw. Such conditions where a secondary coating atone may suffice include those in which 
exposed to extremes m temperature, to high humidity, or to an excessive amourt of bending. Such uses migW in^^ 

long haii applications such as transoceanic or transcontinental cables wherein the ftoeiB are a 
rial. 
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PREPARATION OF A COATED OPTICAL FIBER 

The invention also relates to a process lor preparing a coated opticalfber. The process oonprises (0 applying to 
an optical glass f9>er a primary coating layer conrprising 

(A) from about 10 percent to atx)ut 90 percert Iv weight based ipon ^ 

terminated urethane oOgomer which is the reaction product of (I) a hydrocarbon pdyol. the hydrocaibon portion of 
which has a molecular weigm of from about 500 to about 4.000 (and pre^ 
afiphatic polyisocyanato: and (m) an endcapping monomer capable of su^lyi^ 

(B) from about 10 percent to ^ut 90 percert by weight based upon total weigW of (A). (B) an^ 

carbon monomer having 6 to 20 cait>on atoms in its alkyi moiety and which is tenranated with at least one end 
group capable of reacting with the reactive tenninus of 

(C) optional^, from about 0.05 percert to about 10.0 percert tv wei^ based upon to^ 
.of a pfiotoinitiator; — . _ . _ 

(ii) applying atop said primary coating layer a secondary coating layer conrprising 

(0 from about 10 percent to about 90 percent by weight, b^ed upon the total weight of (I). (11) and (III), of an 
aGphatic urethane oligomer based on a polyester and/or polyether and containing a reactive tenrtnus; 

(10 from about 20 percem to about 60 percent by weigW. based upon the total wei^ (if) and (III), of a hydro- 
carbonaceous visoositynadjusting component capable of reacting with the reactive tenminus of (0; 

(110 optionally, from about 0.05 percent to about 1 0.0 percent by weight based upon the total weight of (0. (10 and 
(110. of a pholoinitiator; and. pr^eraUy. 

(iiO radiation-curing io situ said primary and secondary coating layers. e.g., by ultraviolet inadiation. 

In an alternate enrtxxfiment the process comprises applying only the secondary coating of the invention to the opti- 
cal f ber and radiation-curing the secondary coating in gto. 

The primary and/or secondary coatings may be applied and cured by any mettiod known in the art A preferred 
method, whereby two coatings are applied wet-on-wet is disclosed in US. Patent 4.474.830 to 0. T^a of AT&T Bell 
Laboratories- The coating or coatings may-tiienl)e cured^in aly. preferably by ultraviolet irradiation, to obtain a cured--., 
polymeric coating. Alternatively, the primary coating may be applied and cured, after which the secondary coating may 
be applied and cured. 

COATED OPTICAL HBERS OF THE INVgNTlQM 

The invention further relates to optical fl)ers, and especially to glass optical fa^ 
ary coating of the invention alone, or coated witti botti tfie primary and secondary coatinga TT^ 
pared from reactively terminated materiate that are radiation-curable and are radiation-cured in gfij subsec^ent to 
application on glass f ber. 

The primary coating surrounding ttie ffl» forms a cured polymeric material preferably having a glass transition 
tenperalure (Tg) of no more than about -20«C and more preferably lower. I. e. . about -30**C. or even tower. 

The cured secondary coating shoukf have a relatively high Tg, generafly approximately 50'C. and a high tensile 
modulus. i.e.. above 276 MPa (40.000 psO and preferably about 689 M Pa (1 00.000 psO- It is desirable for the secondary 
coating to have a Tg higher than its higjiest use temperature. This is because at or near the Tg of the polymer, the phys- 
ical properties cfiange dramatically with small changes in tenperatura 

When cured, the two coatings of the invention confer extraordinary themrial. hydrolytic and osddative stability tothe 
f toer and relieve stress thereon. Optical fibers having applied thereto bath the primary and secondary coatings of the 
invention are highly moistire resistant and ottienwse protected from environmental damage. 

The coating compositions of the present invention have been cfisdosed hereinabove for use as optical ffoer coal- 
ing. However, it fe to be uiderstood ttiat tiiese coating may be used in any embofiment wherein stable^ moisture 
resistant coatings are desired, especially for coatffig ttie suriiace of an optically useful artida For exanpla. the coatings 

be used for si^ cfiverse end uses as coating sheet glass (i.a. in the preparation of saf^ 
m^erials ( .g.. in preparing no-wax floors). Ottier optically useful articles ¥irhich m^ be prepared include, but are not 
limited to. photoowitches. photorelay devices, microelectronic devices. photocoupGng devk:es, and so fbrlli. 
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EXAMPLES 



ThefoOowingExanrilessefv to further fliustrate the invertioa h ihese Examples and else^ 
appBcatioa aO parts and pereeiitages are by waght on a dry sdids basis, arid a« tertp^^ 
grade unless expressly stated to be otheiVHse In all of the exarrples. cure speeds were mea 
light IL 745-A radiometer with model A309 light bug. Una® elsewhere in the appOeatm 
referred to the total weigW of either the (A) through (C) ingredients to the primary coating, or the I thro^ 
to the secondary coaling, respectively, parts tv weW« in the Exanples refers to the total conp^^ 
Exai»|3te. including an components. The opBonal ingredients are identffied by an asterisk n in t^ 
components are essential to use. if the exemplified coaling is to meet the rigorous requiremenis to a conwerdaOy 
acceptable coaling to optical glass fber. It should be noted that, although the photoinitiato « id^ 
the specTicattoi. it is. in fact, required in any system cured by uHiaviolet irradiation, and theietoe is not denoted as 
optional in such Examples. It should also be noted that unless othenirise indicated, thi^^ 
remainder of this applieafioa "modulus' refers to 2.5% tensile modulus, measured using an Instron tensOe tester. 

.-fjamclaJ - _ ,^,.„,, ... 

Primaro Coatino to Ontical Rhcnt 



An ultraviolet-cuable^ primary coaling composition was made up as follows: 



Ingredient 


Parts by 




Weight 


aTqphafac urethane acrytate oligomer wHh saturated hydrocartnn tiacktxxte (A) 


55.00 


lauryl acrytate (B) 


14.50 


hydraxycydohexylphenyl ketone photoinitiator (C) 


6.00 


octyldecyl'3-(3\5'<D-tert-lxjtyl-4*-hydrQxy) hydrodnnamate stabilizer (E)* 


1.50 


octBdecyt-3-mercaptcpropionate chain transfer agent (H)* 


2.75 


gamma-mercaptopropyl trimethoxy silane adhesion promoter (F)* 


0.75 


polypropylene glycol nonyfphenylether acrylate (G)* 


19.50 



The viscosity of the uncured coating was 4.005 Pas (4005 cps) (at 25°C using a Brookf ield viscometer, model LVT 
6 rpm, #34 spindle). 

A 0. 1 52mm(six mil*) coating of this composition was applied to a flat glass sheet using a Bird applicator and cured 
in air at 0. 7 J/cnf using a 7.87 watts per mm (200 watts per inch) mecfium pressure mercury vapor lanp. 

The cured primary coating which resulted had a glass transition temperature of about -39.6*C. and a cured film 
refiraclive index off 1.492. The effect off temperature on 2.5% t^sile modulus was as follows: 25»C- 1 05 MPa (153 0 
psi); 0»C: 1.16 MPa (167.8 psi"); -20*»C: 5.96 MPa (864.7 psQ; -40^0: 343 MPa (49.807 psi"); 1371 MPa (199 018 
psi). The cure speed, as detemiined by a modulus versus dose cuive. was detemtined to be about 0.3 J/on^. 

Water absorption of the sample was measured as follows. The cured f Bm was equilibiated at 50% (±^) relative 
humidity and 23-C (±2%) for 48 hours. The sample was weighed and a weigW -A- recort^^ 
soakedfbr24hoursat25*ClncfistiTledwaler.thenpatteddryandwei^ Thesam- 
ple was next placed in a vacuum oven under 1 .33 kPa (1 0mm Hg) pressure at 25-C for 24 houis. removed, and again 
equiBbrated at 50% (±5%) relative humidity at 23«C (±2-C) for 48 houre and weighed. This thiid weight was recorded 
as *C". Percent water absorption measured as 

^x100% 

was about 1.48%. 

Other samples off this 6 mfl thick coating were tested as follows to determine the effect of accelerated aging on var- 
ious properties. The sanples were equilibrated at 50% (i5%) relative humidity and 23^C (12«C) for 48 hours and then 
placed on cups and hung in an environmental chamber under the foDowing accelerated aging conditions: 
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(1) 125*0 for 7 days: 

(2) 93.3^Cfor10days: 

(3) 93.3X«or30days; 

(4) 93.3*0, 95% relative humkfity. for 10 days; and 

(5) 93.3*0. 95% rdative humkfity, for 30 day& 

After the designated time period, the sanples were removed and again equObrated for 48 hours. The foDomng 
properties were recorded. These data indicate exceOent stabOity against thermal and hydrolytic stress. 





125*0. 
7days 


93.3*0. 
todays 


93.3*0, 
30 days 


93.3*0, 95% relative 
humidity. 10 days 


93.3*0, 95% relative 
humidity, 30 days 


weight change 

Tg midpocnt 

Instroh '(tensile) modi>' 
lus change (at 25*0) 


-7.68% 
-34.6*0 
+33.1% 


-6.71% 
-34.6*0 
+39.4%'- 


-6.98% 
^.6*0 
+37.9% 


-0.71% 
-35.5*0 
-^+27.9% 


-1.62% 
^.6*0 
' - +19.5%* -" 



Another Primary CoatinQ for Optical Rber 

An ultraviolet radiation-curalsle primary coating was made up as follows: 



IngredSent 


Piarlsby 




Weight 


aliphatic urethane acrylate oligomer with saturated hydrocaftx)n l>acktx>ne (A) 


56.00 


isodecyl acrylate (B) 


11.75 


hydroxymethylphenyl-propanone photoinitiator (0) 


6.00 


thiocfiethylene bis (3,5Kfi-tert-t3utyM-hydrQKy) hydrodnnamate stabflizer (E)* 


0.50 


gamma mercaptoprq^yl trim^hoxy silane adhesion promoter (^^ 


0.75 


polyettiylene glycol nonylphenyl ether acrylate (G)* 


25.00 



The aSxNe fbnruilation used several different ingredients, and somewhat (fifferent proportions, ttian were used in 
Example I. This formulation has a viscosity of 5.65 Pas (5650 cps) at 25*0 using a Brookf ieU viscometer, model LVT, 6 
rpin, #34 spindle, and a refractive index of 1 .4849 at 21 .8*0. When coated onto a glass pM 
Exanrple I and cured in air at 0.7 J/cm? under a medium pressure 7.87 watts per mm (200 watts per inch) mercury vapor 
lamr^ the resultant 0.152 mm (6 mil) thickness coating had a tensile modulus of 2.04 MPa (295.8 psi). a Tg of -28.7*0. 
good adhesion to glass and low water at)Sorption (2.02%). The coating peribrmed well in high humidity and dry accel- 
erated a^ng tests. 
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Example fll 

A Further Primary Coatino tor Optical i=iber 
5 The folkiwnng primary coating was iDnnuJated: 



10 


Ingredient 


Parts by 
Weight 


aliphatic urethane acyyiate oOgonier with saturated hy^ 


56.00 




odyl/decyl acrylate (B) 


11.75 




hydroxymethytphenyl-propanone photainrtiator (C) 


6.00 


IS 


thiodiethyfene bis (3\ 5'-di-tert4)utyl-4-hydrQxy) hydrodnnamate stabilizer (E)* 


0.50 




gamma mercaptopropyl trimdhoxysilarie adhesion pr(mioter(F)* . 


-.- 0 75- 


OA 


polyethylene glycol nonylphenylether acrylate (lower MW polyethylene glycol 
than that of Example II) (G)* 


25.00 



This formulation demonstrated the use of alternate (B) and (C) materials. This fonroilation had a viscosity of 3.89 
(3890 cps) at 25»C using a Brookf ield viscometer, model LVT. spindle #34, 6 rpm. When applied to a glass plate as 
2S in Exanple I and cured in air at 0.7 J/cnf under 7.87 watts per mm (200 watts per inch) mecOum fxessure mercury 

vapor lamf^ it had a tensile modulus of 1.90 MPa (276.0 psQ. good adhesion to glass, and low water absorption 

(1.89%). 

Example IV 

30 

Another Primary CoaHnq far Optical Fibers 
The following primary coating was formulated: 



35- 








Ingredient 


Parts by 
Weight 




aliphatic urethane acrylate ofigomer wHh saturated hydrocarbon backbone (A) 


64.00 




Isodecyl acrylate (B) 


20.50 




hydroxymethylphenyl-propanone photoinitialor (C) 


6.00 




thiodiethylene bis (3*. 5'-di-tert-butyl-4'-hydrQxy} hydroctnnamate stabDizer (E)* 


0.50 


45 


gamma mercaptopropyl trimethoxy silane adhesion promoter (F)" 


0.35 


polyethylene glycol nonylphenylether acrylate (same MW as in Example 111) (G)* 


8.00 




isooctyl-3-mercaptopropionate chain transfer agent (H)* 


0.65 



so 

This fomiulation demonstrated the use of (fifferent proportions of ingrediente, the use of an alternate chain transfer 
agent and the use of a Imr concentration of the conponent (G) to adjust the refractive index. The formulation had a 
viscosity of 5.95 Pas (5950 cps) at 25*C using a Brookfield vecometer. model LVT 6 rpm. #34 spindle, and a refractive 
index of 1.4796 at 21 .5*0. When applied to a glass sheet as a 0.152 mm (6 mil) coating as in Exanple I and cured in 
55 air at 0.7 J/cm^ under a medium pressure 7.87 watts per mm (200 watts per inch) me^ 

modulus of 1 .98 MPa (280 psi), a Tg of -31 .2*0, good adhesion to glass, and low water absorption (1 .41 %). 
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Example V 

A Slower Curing Primanr Coatino for Ontiial Rhers 
Aracfiation curable primary coating was fornrute^ 



10 



IS 



20 



IriQrecf ^Tt 



al9)hatic urethane acrylate oligomer with saturated hydrocart)on t>acidx>ne (A) 
iatirylacrylate(B) 

hydroxycyclohexy^enyl k^one photoinitiator (C) 
octadecyl-3-merc ap tDprDpionate chain transfer agent (H)* 
octadecyl'3(3^5'-<fi-teft-butyh4*-hydroxy phenyl) propicnate stabifizer (E)- ^ 
gamma-mefhacrytoxypropyt trimethoxysilane adhesion promoter (F)* 
polypropylene glycol nonyljphenylether acrylate (G)* 



Parts by 
Weight 



54.00 
14.00 
6.00 
4.00 

1.50^ 
1.00 
19.50 



2S 



30 



35. 



40 



45 



The viscosity of the uncured coating was 3.75 Pas (3750 cps) (at aS'^C usong a Brookfield viscometer, model LVT. 
6 ipm, #34 spindle). 

When coated on a glass sheet at 0.1 52 mm (6 mils) and cured as in previous Examples, the coating adhered well 
under high humidity conditions but cured much slower than the coating of Example I. Similar formulations can be pre- 
pared that have much more rapid rates of cure, by substituting acrylated silanes for the methacrylated silane used in 
this Example. 

The cured primary coating which resulted had a glass transition temperature of about -39.4«C, a tensile modulus 
of 1.07 MPa (155.5 psQ. and a cured film refractive index of 1.492. The cure speed was detennined to be 0.5 J/bn^. 
and the water absorption was 1.40%, both being determined according to the methods of Exanple I. 

Weight charge, glass transition tenperature and Inslron (tensile) nxxJulus change were measured und«^ the 
same conditions as In Example I and recorded to be as foflows. Again, excellent hydrdytic and themial stability was 
observed. 





125*^0. 
7days 


93.3*'C. 
lOdays 


93.3»C. 
30 days 


93.3*»C. 95% relative 
humidity, 10 days 


93.3*'C. 95% relative 
humidity, 30 days 


weight change 


-7.94% 


-6.84% 


-7,19% 


-1.97% 


-1.58% 


Tg midpoint 


-35.9>C 


-36.rC 


-35.5-C 


-35.7"^ 


-86.4»C 


Instron tensile modu- 
lus change (at 25''C) 


+33.8% 


+36.1% 


+36.0% 


+20.1% 


+10.9% 



so 



ss 
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Example VI 

APrinmrvCoalinflBasedQnAThiolenaSvstem 
The MIOMring primary coating was fomviiated: 



10 



15 



tngrecfient 


Paris by 
Weight 


aqphatic urethane oGgomer wHh saturated hydrocartxm 
backbone efx^<:apped with tiydiQxybt^ 


66^ 


1J0-decanecfithiol(B) 


19^1 


hydroxymethytphenyl propanone photoinitiator (C) 


6.11 


JrimettTytelettw^ 


- . 8 43. 


diethyl hydraxyl amine stabilizer (E)* 


0.02 



20 



25 



30 



35 



The viscosity of the uncured coatings was 3.77 Pas (3.770 ops) at 25"C. using a Brookfield viscometer, model LVT, 
6 rpm, #34 spindia 

A 0.152mm. (6 mil) coating of the above was applied to glass using a Bifd appficator and was cured in air at 0.7 
J/cm? using a medium pressure 7.87 watts per mm (200 watts per inch) mercury vapor lamp. 

Water absorption was detemnined in the manner descrS}ed in Example I to be 2.2% for the coating. 

Ottier samples were subjected to the methods described in Example I to determine the effect of accelerated aging 
on various properties, including glass transition temp^ture; tensOe modulus; rupture strength; and percent elongation 
to br^ mder the following accelerated aging conditions: 

(1) 125^0 for 7 days; 

(2) Sa.S'^C, 9S% relative humidity (RH) for 10 d^; and 

(3) 93.3<>C. 95% relative humidity (RH) for 30 day& 

The results are recorded below: 







Initial 


125«C. 
7days 


93.3*'C 95% 
RH. 10 days 


93.3°C95% 
RH. 30 days 


40 


Tg Midpoint 


-29.7*»C 


-29.0«C 


-31.4«C 


-31.4*C 




2.S% (tensile) Modulus (psi) 


292.5 


281.3 


286.1 


302.2 




Instron (tensfle) modulus. % change (at 25**C) 




-3.8 


-2.2 


3.3 




Weight change^ % 




-4.46 


-2.19 


-1.81 


45 


% elongation at break 


65.4 


69.2 


69.4 


65.4 




rupture str&igtti (psi) 


iiae 


117.1 


122.2 


119.3 



These data Show exceOent Stability against themfial and hydrolytic st^ 

Example VII 

ss A Qoatinq Ba$ed on a Cationicallv Cured Vinvl Ether-Terntinated System 

The following system d^nonstrates a conposition analogous to the acrytate terminated system of Exanple I. but 
terminated with drfterent end groups, cured via a cfifferent mechanism, and lacking components now known to be 
optional. 
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The formulafion was made up as toOows: 



Ingredient 


Parts by 
Weight 


ai^hatic urethane acrytate oCgomer with satirated hydrocartxxi backbone end- 
capped with hydraxybutyl vinyl ether (A) 

hexanediol cfivinyl ether (B) 

(4-octylaxypheny1) phenyl iodonium hexaf luoro antimonate catiomc photoinitiator (C) 


70.00 

29.00 
1.00 



A 0.1 S2ninri (6 nriQ coating of the above conposition was a^^ 
air in 1 0 passes, each using a medium pressure 7.87 watts per nvn (200 watts per inch) mercury vapor ulbaviolet lano 
.at aUVdo5e of 0.7J/cm2. . . _ ^ . 

T?ie resuftng cured films were subjected to the water absorption determination method of Exanple I. A value of 
1 .99% w^ detemiined. 

Other samples were subjected to the methods detailed in Example 1 to detemnine the effects of accelerated aging 
on thermal, oxidative and hydrolytic stability as measured ty tensile modulus; nurture strength; and percent elongation 
at break under the following accelerated £^ing conditions: 

(1) 93.3«Cfbr10days; 

(2) 93.3*»C. 95% relative humWity (RH) for 10 days; 

(3) 93.3<»Cfor30days;and 

(4) 93.3*C, 95% relative hunidrty (RH) for 30 days. 

The results are recorded below: 





InWal 


93-3°C 


93.3«C 


93.3^ 


93.3°C 






todays 


95%RH10(teys 


30 days 


95%RH30ltays 


2.5% tensile Modulus, 85»C, 
MPa(pst) 


10.7(1554) 


10.8(1574) 


9.16(1329) 


9.07(1317) 


8.37(1215) 


Instron tensile Modulus, % 
change (at 89*0) 




1.3 


-14.5 


-15.3 


-21.8 


Weight Ohange, % 




-2.93 


-0.36 


-3.79 


0.98 


% elongation at break 


26.0 


25.8 


33.7 


38.1 


33.4 


Rupture strength, MPa (psQ 


7.54(1095) 


7.42 (1077) 


6.24(906) 


7.21 (1046) 


5.87 (852) 


Rupture strength, % change 




-1.6 


-17.3 


-4.5 


-225 



These data show very tow water absorption and very good perfonnance under a^ 
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Example vni 

A Secondary Coating for Optical Rbers 

A radatkxi curable, seoondaiy coating conposHion 



Ingrecfient 


Parts by 
Weight 


ATphatic urethane acrytate oligomer with polyester>k)olyether bacMxxie; in 25% (based on 
weight of oligomer and soh^em only) hexanecfiol diaciylate solvem (sol^ 


82.00 


Isobomyl acrylate (II) 


13.00 


hydrcDcycydohexytphenyl Ketone photoinitiator (III) 


4.00 


thiodiethylene.biM3.5HdHertHxjtyM 


100, 



A 0J52mm (6 miO coaling of the above composition was appOed to a glass plate 
ing was cured hi air at 0.7 J/cm? using a medium pressure 7.87 watts per mm (200 watts per inch) mercury vapor lanp. 
The resulting fflm of the secondary coaling exhMed a tensile modulus of about 71 4 MPa (1 03,700 psi"), a water absorp- 
tion value of about 1 .68%, and a cured fflm refractive index of about 1.506. The cure speed, as detennined by a mod- 
ulus versus dose curve, was detennined to be about 0.3 J/cm?. The UV transmission of the uncured coating was 
determined to be about 73% by calculating the ratio of the light transmission of a 1mm quartz sGde contaming a 
0.0254mm (1 nil) coating of the uncured composition to that of the slide without the coaling on it. 

Weight change and Instron tensile modulus change (here measured at 85*C) was measured under the same con- 
ditions as In Example I and recorded to be as follows. Again, exceflent hydrolytic and thermal stability was observed. 





125«C 


93.9C 


d3^«C 


93.3<C, 95% relative 


93.3^, 95% relative 




Tdays 


10 days 


10 days 


humidity, 10 <^s 


humidity, 30 days 


weight change 


-4.60% 


-3.91% 


-4.30% 


-0.85% 


-1.10% 


Instron tensile Modu- 


+ .17.2% 


+ 18.3% 


+ 34.3% 


+ 4.3%. 


.-23.9% 


lus, change (at 85**Q 











ExgmplgiX 

Another Secondarv Coati nq for Optical Rtiers 

A secondary coating identical to that of Example VIII, except for containing 14.00% isobomyl acrylate and no 
optional stabilizer, was fornulated. The coating, when applied to ass and cured as above, had good tensOe properties, 
cure speed, water absorption, UV transnussion and stabOity, but yellowed on dry age testing. 
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Exampl X 

A CoatinQ Haviro a Hkih Tg and KBoh Crosslink DensHy 
A coating composition was fionnulated as foOom 



20 



30 



3S. 



40 



45 



SO 



10 


(ngrecfient 


Parts t>y 
WeigtTt 


arphabc urethane acrylate ofigomer with polyester bacMxsne 
(1) (used as a mixture containing 12% hexanediol acrylate) 


60.00 




dipentaerythritol monohydroxy pentaacrytate 


15.00 


IS 


a mixture of linear C14 and C15 cfiol diacrylates (II) 


10.00 




isobanyl acrylate (11)^, ^ 


11.00 . 




hydraxycydohexylphenyl ketone photoinitiator (III) 


4.00 



The arphatic urethane acrylate oligomer (I) is t>elieyed to have imparted good properties. Fbmtulations such as the 
above perfomi weD on thennal. oxklalive, and hydrolytic aging tests, with almost no yellowing chaiacteristks. The oli- 
gomer (I), as available commercially, cures to a kiwer modulus than the oligomer used in Example VII in solution. 

The mixture C,4 and C)i5 dtol diacrylates was used as a viscosHy a<fl 
ylata 

TheabovelbmmilatkMiwasappfiedtoglassasaemil coating using the coating technk^ue of Exanple I. and UV- 
cured. It had a high Tg and high crosslink density as compared to the coating of Exanple VII. 

A similar fbnroilatton was prepared, but incorporating about 0.5 parts by weight of a 5050 mixtures of bis (2 4-di+ 
butylphenyO pentaerythritol phosphite and thiodiethylene bis (3.SKfi-t-bulyl-44iydraxy) hydiocinnamate. as a stabilizer 
package. On evaluatk>n. hydrolytic stabDity deteriorated, probably because of the use of the phosphite. This is undesir- 
able for optfcal fiber coatings, but is not a problem Ibr many other coating appfications. When the hindered phenol is 
used as above as the stabiDzer at the 1%levd. hydrolytic stability is a^^ 

Example XI 

A Further Sec ondary Coatina FomiulatiQn 

The Ibltowing coating conpositkxi was prepared: 



Ingredient 



aliphatic urethane acrylate oligomer with polyester backbone (I) 
dipentaerythritol nx)nohydraxy pentaacrytate 
isobomyl acrylate (10 

a mixture of linear 0^4 and Cts dfol diacrylates (10 
hydraxycydohexylphenyl ketone photoinitiator (110 
thiodiettiylene bis (3,5<fi-tert-butyl-4-hydrox^ hydrodnnamate stabilizer* 



Parts by 
Weight 



59.50 
14.50 
11.00 
10.00 
4.00 
1.00 



This coating composition exhMed a sfightJy slower curing rate than the formulation of Exanple VII. based on cure 
speed versus modulus data. This data may have given a fase inpression because of the high Tg and high aossOnk 
densi^ of this coating. However, the hy*olytic aging properties of tNs coating. whOe good, were not quite as good as 
those of the Exarnple VIII coating. Hs viscosity and room temperature moduB were similar to those of the Exan^ VIII 
formulation. Its properties overaD are such that it is an acceptable second^ 
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Example Xtl 

A Seoondaiv Coating FormutetionCky^ Qlinom«s 
The follming coating composition was prepared: 



IngrecSent 


Parts by 

lA/Atnht 
vvdyiii 


First aliphatic urethane acrylate oligomer with polyether kiadtoie haveng 
an acryalte functionality ol 2.6 (!) 


34.00 


Second aliphatic urethane acrytate oligomer with polyether backtxxie hav^ 
ing a lower acrylate functionafity than aKxsve (2.4) (1) 


34.00 


Hexanediol diacrylate (II) 


13.98 


Isobomyl acryiate (11) 


13.00 


Hydroxycydohexylphenyl ketone photoinitiator (III) 


4.00 


Thiodiethylene (3.5-di-tert-l)utyl-4-hydroxy) hydrodnnamate stabOizer • 


1.00 


Surlace tension acQustment additive * 


0.02 



This coating composition, betbre cure, had the following tenperatureAnscosity prof Oe. measured using a Brookf ieU 
viscometer, model LVT. 6 rpm, #34 spindle: 5.43 Pas (5430 cps) at 25*C; 4.31 Pas (4310 cps) at 28^C; 3.44 Pas (3440 
cps) at 30^C: 2.31 Pas (2310 cps) at 35«C; and 1.52 Pas (1520 cps) at 40*C. The liquid corrposition had a refractive 
index of 1 .4856 at 24.6«C and a density of 8.89 Ih^al (1 .07g/cc). 

A 0.152mm (6 mil) coaling of the composition was cast and cured as in previous Examples. The cured film of this 
Example had a nature strength of 26.3 MPa (3812 psi); elongation at break of 26.7%; TGA vdatiles content of 4.78%; 
oxidative induction temperature of 210"C; and cured film refractive index of 1 .5060 at 24.6»C. Its cure speed was deter- 
mined to be 0.4 J/cm^. The 2.5% tensile modulus of the coating was 624 MPa (90.528 psi*) at 25»C and 28.0 MPa (4070 
psO at 85°C. A water absonption value of 1 .59% was measured in ttie manner descrftjed in Exanple I. after a 24 hour 
soak. 

Ottier samples of tius coating were tested under.the following accelerated aging cond^^^ ^ 

(1) 125»Cfbr7days; 

(2) 93.3">Cfbr10days; 

(3) 93.3'*C for 10 days at 95% RH; 

(4) 93.3*^0 for 30 days; and 

(5) 93.3<*C for 30 d^ at 95% RH. 
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The MIcwing properties were otserved far the cured coating descri>ed in this Bonvle: 



5 




125H:7days 


93u3«C 
lOdays 


93L3«C,10 
days95%m 


93^, 
30 days 


93^,30 




weight change 


-4.42 


•422 


-0.88 


-4^6 


-2.42 




2.5% mod.at 25^C; 

(psq 


859 n24 633) 




AHA itUi Ofii\ 


OA A CV%\ 

o44 (122,522) 


674 (97,850) 


10 


2.5% tensile nrxxJuius 
change (%) at 25**C 


36.1 


33.4 


-3.6 


33.8 


a9 




2.5% mod. at 85*C; MPa 
(psi) 


29.0 (4208) 


29.9(4343) 


25.5 (3705) 


30.4 (4408) 


23.9(3466) 


IS 


2.5% modulus change % at 
85*'C 


3.0 


6.3 


-9.3 


7.9 


-15.2 


20 


Rupture strength; MPa (psO 
Percent elongation at break 


33.5(4668) 
30.7 


30.1 (4362) 
25.8 


27.4 (3981) 
30.0 


315(4535) 
30.3 


26.3 (3823) 
21.8 



Example XHi 

25 

Another Secondary Coating Formulation Containino T w o Polvether-based Urelhane Acrvlate Qfioomprs 
The fblicMring coating composition was prepared: 



30 





Ingredient 


Parts by 
Weight 




Fist aliphatic urethane acrylate oligomer with polyether backbone having an acrylate functionality of 2.6 


34.00 


35 


Second aliphatic urethane acrylate oligomer with polyether backbone having anacrylate.functionality.of. 
2.4(1) 


^-34.00... 




Hexanediol diacrylate (II) 


13.99 




Isobomyl acrylate (11) 


13.00 


40 


Hydroxycyctohexylphenyl ketone photoinitiator (110 


4.00 




Thiodiethylene bis (3.&<li-tert-butyl-4- hydroxy) hydfocinnamate statMlizer * 


1.00 




Surface tension adjustment additive * 


0.01 



45 



The uncured coating of this Example had a refractive index of 1 .4856 at 24.2*»C and a viscosity of 5320 cps at 25"»C. 
A 6 mil coating ¥i«s cast and cured as in prevwus Examples to produce a cure^ 
temperature of 1 94«C and a cure ratx> (ratio of 2.5% moduli at 25»C when cured in air at 0.2 J/cn^ and at 0 7 J/cm^ 
50 respectively Of 100.9% 

The coating, which is very similar to that of the previous Example, is expected to perform equally well on long term 
aging. 

CONCLUSIOM 

55 

Optical glass ftoers coated with the secondary coatings of the present inventfon have been designed to possess 
several irnpoilant qualities rendering the coated fbers useful for many appGcations and partkularly sutable In focal 
area networks for fa>er-to-the-home uses. 
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H has now been discovered that wtaDy any chemistry 
tional iMcWwnes and wrtiich does not adversely effect the properties 
fonnulate a oomposition possessing these quaSties. 

Theseojndaiy coalings after aire funcBon % a hand, protective layer having a glass transition tenperature of 
about 5(W; and a tensfle nnxlutus of over 276 MPa (40.000 psO. pretoably about 689 MPa (1 00.000 psO Furthermore 
the secondary coalings are resistart to m(wture and have an appropriate ooelTident of fiction to 
secondary coatings have a coellident of friction aOowmg the coated f^^ 

aligned on a spool. ^ 
The secondary coatings have suilable viscosities for coating and. when cured, contain minimal quantities of 
unbound reactams (volatOes) and have good shelf Gfe cfsuacteristics. 

"Hie Pfesert invention permits the production of coating fwmulafons meeting these c^ 
ofooated optical fibers weO suited for use in fber^o-the-home appBcatio^ 

thrt me prepwed in aocoidance with the invention, that do not have to meet the string 
cal foer ooatang& 

H has now been (fiscovered that an optimized com^^ 

the backbones of,the.oomponents descrtoed herein and In the parent application, but that any enri grmyy capable of 

reacting, via free radical Initiation, cationic cure or other method, may be employed. It was also discovered ttiat In con- 

na:tion with the presert invention, a coating tdrmula^ 

index modifier, and. in some case, a photoinitiator. aO befia/ed in the parent application to be essential in all eirtxxfi- 
ments, oouU in some instances be satisfactory. 

Thus, useful coatings for many purposes may be formulated. 

A useful, exemplary coatng for use as a secondary coating^ 
aliphatic urethane oligomer based on a polyester and/or potyether; a hydrocaibonaceous viscosttynadiustina corrco- 
nent reactive with that oligomer; and an optional photoinitiator. 

In other embodiments, compositions of this kind can be formulated to be useful as inlerlayefs tbr lainnated safety 
glass, and as coalings for electronic devices such as photocells and photos^ 

Claims 

1. A radiation-curable secondary coatvig for an optical fber corrf)rising 

(0 from 10% to 90% by weight of an aliphatic urethane oligomer based on a polyester andAsr polyether and 
containing a reactive terminus; 

00 from 20% to 60% by weight of ahydrocarbonaceous viscosity^justing component capable of reactingjwith J: 

the reactive terminus of (I); 

(III) optionally, from 0,05% to 1 0.0% by weight of a photoinitiator, 
wherein all of the stated percentages are percentages by weight based on total weight of ffl. (IQ and (IIQ. 

2. A radiationKajrable secondary coating accordng to daim 1 . wherein said conponent (I) is a mixture of urethane 
oligomers* each based on a polyether and each acrylate terminated. 

3. A racfiationH;urable secondary coating according to daim 2. wherein said conponent (II) is a mixture of isobornyl 
acrylate and hexanediol dacrylate. 

4. A rariMoTHwable secondary coating according to a^ 

selected from the grmp consisting of amines, hindered phenols, organic phosphites and ntixtures thereof. 

5. A radiation-curable secondary coating according to daim 4. wherein said stabiliser is thiocfiethylene bis(3 S^tert- 
butyl-4-hydroxy) hydrodnnamata ' 

6. A radiation^uraWe secondary coating according to any one of ctett^ 
ycydohexylphenyl ketone. 

7. A radiatron-curable secondary coating according to any one of daimsl^ 
ksxyphenyl) phenyl kxlonium hexaf hioro antimonate. 
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A racfiatavoirableseconctery coating acc^^ 

(0 from 40% to 6(Wt by weigm <rf an acrylated 
ether; and 

(10 from 25% to 50% by weigW of a mixture of feobomyl acrylate and he^ 

(III) from 2.0% to 7.0% by weight of hydroxycydohexytphenyi ketone phob^nitiator. 
¥ifherelnaD of the slated percentages are ly weight based (II) and (III). 

9. A lafiation^uraWe secondary coating accorefing to daiml.conp^ 

(0 from 40% to 80% by weighl of a mixture of afiphatic urelhane acrylate oli^ 
bones; 

(IOfrom25%to50%byweigmofamixtureofi80bornylaGrytateandhexane^ — 
(110 from 2.0% to 7.0% by weight of hydroxycydohexytphenyl ketone photoiratiator; and 

(IV) from 0.5% to 1 .5% by weight of thiocfiethytene bis (3.5<Ji-tert-butyl-4^rQxy) hydrocinnamate stabiliser, 
wherein all of the stated percentages are percentages by weight based on total weight of (I). (IQ and (110- 

10. A process fry preparing a coated optkalftoercomprisffig 

(0 applying to an opttealfiber a primary coating layer conprising 

(A) from 1 0% to 90% by weight of a reactively temninated urethane oligomer wtich is the reactk)n product 
of (0 a hydrocarbon polyol. the hydrocaibon portion of whk:h is from 500 to 4.000 molecular weight; 00 an 
aliphatic polyisocyanate; and (iiO an endcapping monomer capable of supplying a reactive terminus; 

(B) from 1 0% to 90% t)y weight of a hydrocarbon nronomer containing from 6 to 20 cai^ 
tem^iated with at least one end groijp capable off reacting with the reactive 



(C) optionally, from 0.05% to 10.0% by weig^ of photoinitiator. 

all of the stated percentages are percentages by weight based on the total weight of (A). (B) and (C); 

C"0 applying atop said primary coating layer a secondary coating layer compria 
any one of claims 1 to 9; and 

(ifi) racfiatk>n-curing in situ said primary and secondary coating layers. 
11- A process according to daim 10. wherein the primary coating layer conprises 

(A) from 45% to 65% by weight of an afiphatk: urethane acrylate oligomer haw^ 
ated1.2-polybutadiene polymer; 

(B) from 1 0% to 20% by weigW of lauryl acrylate; 

(C) from 15% to 30% ty weight of polyprofvlene glya>l norvtphenyl ett^ 

P) from 0.3% to 1.0% by vvei^ of gamma mercaptopropyl frimethoxy silane adhesion promoter: and 
(E) from 2.0% to 7.0% by weight of hydraxycydohexy^phenyl ketone photoinitiator, 
wherein aD of the stated percentages are percentages by weight based on the total weight of (A). (B) and (C). 
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12. A coated optk:alfa>eroompristng 
a9lassfa)er.and 

a continuous coaling appOed to and stOT 

to^e modulus of m least about 276 MPa (40.000 psO and a glass tiansiti 
50*C, wherein said olrgomerk: materiaJ t)efbre cure conprised 

an aliphatic urethane oligomer based on a polyester andtor poly^ 
a hydrocarbonaceous vBOjsity acSusting conponent capa^ 
an optional photoinitiator. 
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